Introduction
The determination of chemical species at low concentrations is a constant challenge in analytical chemistry [1] . Despite major progress in developing highly selective and sensitive analytical instrumentation, few analytical techniques allow the direct measurement of a substance in a sample without prior treatment [2] .
Microextraction methods have attracted much attention in the recent years as alternatives for classic extraction procedures. In this way, recent research has focused on the development of efficient, economical and miniaturized sample preparation methods.
to contain traces of the element. Nickel compounds may also be found in sludge, and in slags and fly ashes from waste incinerators [11] . The most widely used techniques for separation and preconcentration of nickel are liquidliquid extraction [12] , solid phase extraction [13, 14] , cloud point extraction [15] , cold induced aggregation microextraction [16] , surfactant assisted emulsification dispersive liquid-liquid microextraction [17] , ultrasound assisted emulsification microextraction [18, 19] , dispersive liquid-liquid microextraction [20] [21] [22] .
Dithiocarbamates (DTCs), a group of small organic molecules with a strong chelating ability toward inorganic species, have extensively used in the agricultural industry for more than 80 years [23] . DTCs have also been extensively studied and reported as complexing reagents for a large number of metal ions in the solvent extraction, spectrophotometric and HPLC determination of said metal ions. They form coordinatively saturated, neutral metal chelates, which are easily extractable in organic solvents. To the best of our knowledge, there are no reports in the literature on the preconcentration and determination of nickel by VALLME-HPLC method.
This work presents the development of a procedure for the separation/preconcentration of nickel from water samples and its determination by HPLC. This procedure is based on VALLME after complexing this metal ion with DDTC
Experimental

Standard solutions and reagents
A stock standard solution for Ni(II) (1000 mg L -1 ) was supplied by Merck, Darmstadt, Germany. Standard solutions were prepared by appropriate dilution of the stock solutions daily.
High purity water (resistivity 18.2 MΩ cm) obtained by a Milli-Q water purification system (Millipore, Bedford, MA, USA) was used throughout this work.
DDTC was supplied by Merck, Darmstadt, Germany. DDTC 0.8 % (w/v) solution in water was prepared daily.
All the other reagents including extractants and disperser solvents were analytical-grade reagents, as well as the reagents mentioned above.
Acetate buffer solution was prepared to adjust pH values for the extraction of Ni. NaCl solutions were prepared by dissolving appropriate amounts of NaCl in deionized water.
Instrumentation
The instrumental analysis was conducted with an Agilent HPLC model LC 1220 Infinity equipped with VWD. A Zorbax Eclipse XDB-C18 column (250 mm x 4.6 mm, 5 μm particle size) from Agilent was employed at room temperature. All injections were carried out manually using 20 μL sample loop. The signal from the detector was recorded and integrated with a PC HP Pro 3010 Desktop VN934EA. Methanol/water in 80/20 v/v was used at a flow rate of 1.5 mL/min as a mobile phase. Analyte was monitored at l = 320 nm. A VX-2500 Multi-Tube Vortexer was used to mix the samples. Phase separation was achieved with a centrifuge PACISA Orto Tornax in 15 mL calibrated conical tubes.
Sample analysis
The accuracy of the method for determination of nickel content was checked by analyzing certified reference materials (CRMs): Fortified lake water (TMDA 54.4), Estuarine water (SLEW-3), Eau de mer (CASS-5), Riverine water (SLRS-5), all supplied by National Research Council of Canada. These samples were analyzed by standard addition method and, in the event the content of this analyte was under detection limit of the method, recovery studies were carried out. Tap water was collected from our laboratory just before the determination of Ni.
VALLME procedure
For DLLME under optimum conditions, 10 mL analyte solution containing variable amounts of nickel, 3 mL acetate buffer solution (0.2 M, pH 5.4), and 100 µL of 0.8% (w/v) DDTC solution in water as chelating agent was placed in a 15 mL screw cap glass test tube. Then, 3 mL of ethanol (as disperser solvent) were added and 0.2 mL of chloroform (as extraction solvent) was rapidly injected into the sample solution by using a microsyringe. A cloudy solution was formed in the test tube and vortex agitation was performed for six minutes. Separation of the phases was achieved by centrifugation at 3800 rpm for 6 min. After this process, the organic phase was sedimented in the bottom of conical test tube. The sedimented phase was quantitatively transferred to another test tube (Eppendorf) using a microsyringe. The extraction phase was used to fill a loop of the injection valve and analyzed using HPLC. A chromatogram was registered during 8 minutes and the retention time of the target was 5.7 min as can be seen in Figure 1 . All experiments were performed in triplicate and the mean of results was used in plotting of curves or preparation of tables. 
Results and discussion
In order to obtain a high preconcentration factor, the effects of different parameters on complex formation and extraction conditions(such as kind of extraction and disperser solvent and their volume, pH, concentration of the chelating agent, salt addition, vortex agitation, and centrifugation time) were optimized. A univariate method was used to obtain the optimum conditions for the VALLME.
pH study
The separation of metal ions by DLLME involves prior formation of a complex with sufficient hydrophobicity to be extracted into the small volume of the sedimented phase, thus, obtaining the desired preconcentration. pH plays a unique role on metal chelate formation and subsequent extraction. The effect of pH on the complex formation and extraction of nickel from samples was studied in the range of 3.0-8.0 by using acetate or phosphate buffer [24] . The results reveal that the absorbance is nearly constant in the pH range of 4.5-6. Thus, the value of pH 5.4 was selected for the following experiments. Also, the influence of 0.2 M acetate buffer solution amount was investigated for variation of volume added from 1 to 5 mL. The extraction efficiency diminished between 4-5 mL. A volume of 3 mL was selected as the optimum value for subsequent work.
Effect of chelating reagent (DDTC) concentration
The effect of DDTC concentration on the signal was examined using increasing volumes of 0.8% (w/v) DDTC from 50 µL to 4 mL. The results showed that the change of DDTC concentration in the studied range has effect on analytical signals (Figure 2 ), thus the volume of 0.1 mL, corresponding to its maximum value, was used in other experiments. 
Effect of ionic strength
For investigating the influence of ionic strength on performance of VALLME, various experiments were performed by adding different amounts of NaCl (0-1% (w/v)). Other experimental conditions were kept constant. Ionic strength had no effect upon percent recovery and sensitivity for Ni extraction therefore no NaCl solution was used in subsequent experiments.
Effect of VALLME parameters 3.4.1 Effect of type and volume of extractant
Careful attention should be paid to the selection of the extraction solvent. It should have a higher density than water, extraction capability of the interested compounds and low solubility in water. Chloroform and carbon tetrachloride were compared in the extraction of nickel. Results showed that the maximum extraction recovery was obtained by using chloroform.
To examine the effect of extraction solvent volume, solutions containing different volumes (0.1-0.5 ml) of chloroform were subjected to the same VALLME procedure. When the volume of extraction solvent was increased, the volume available for the measurement also increased, but the enrichment factors decreased. Therefore, in the following studies, the optimum volume of 0.2 mL was selected for the extraction solvent.
Effect of type and volume of disperser solvent
The role of a disperser is dispersion of an extraction solvent into aqueous sample to create extensive contact area between the different solves and to facilitate the mass transfer of analyte from water to organic solvent, causing considerable acceleration in the extraction of analytes. Miscibility of disperser solvent with extraction solvent and aqueous phase is the main point for selection of disperser solvent. Therefore, in this section, the ability of ethanol and methanol was investigated. The results (Figure 3) show differences between disperser solvents containing 0.2 mL chloroform or CCl 4 (extraction solvent). As can be seen from this figure, better results were obtained by using chloroform and ethanol as disperser solvent. Extraction of analytes was then carried out by using 1 to 3 ml of ethanol and, in Figure 4 , the results obtained are shown. Based on these results, a 3-mL volume of ethanol was selected for subsequent studies.
Effect of vortex agitation
For this purpose, six samples prepared in the same manner were treated at different times between two and eight minutes by vortex. Peak area increased gradually when the sample is agitated up to six minutes and then remained nearly constant. 
Interferences
Because DDTC is a versatile chelating agent, interferences may occur due to the competition of other heavy metal ions and their subsequent co-extraction with Ni(II). For this purpose, the effect of typical potential interfering ions was investigated. The tolerance limit was defined as the concentration of added ion that caused less than ± 5% relative error in the determination of Ni. 
Analytical figures of merit
Analytical figures of merit of the proposed VALLME-HPLC method were obtained under optimal conditions and summarized in table 1. The preconcentration factor was determined as the ratio of the slopes of the linear section of the calibration graphs before and after preconcentration, and also by the ratio of the volumes.
Analysis of real sample
For this purpose, standard solution containing Ni was added to tap water and the resulting material was prepared as described under Experimental. A standard additions method was used to avoid matrix effects in all instances and the results were obtained by extrapolation. The result of this analysis is summarised in table 2.
Analysis of standard reference materials
In order to assess the accuracy and validity of the presented procedure, the method was applied to the determination of nickel in certified reference materials, Fortified lake water (TMDA 54.4), Estuarine water (SLEW-3), Eau de mer (CASS-5), Riverine water (SLRS-5), which were analyzed according to the proposed method. A standard additions method was used to avoid matrix effects. It was found that analytical results were in good agreement with the certified values (table 2) . Ni content in CASS-5, SLRS-5 and SLEW-3 were under the detection limit of the method, so different amounts of Ni ion were added to the samples in order to verify if it is possible to determine Ni under the proposed procedure. Good recoveries were obtained in all cases.
Conclusions
Sample preparation by VALLME is a procedure that is considered to be Green Chemistry, because of the small volumes of dissolvent employed. Also, in this study, an HPLCmethod is used for the determination of nickel. Although atomic spectrometric techniques are commonly used in the determination of cations, most of them, especially flame rapid, and sensitive preconcentration technique coupled with HPLC has been developed for the determination of nickel in water samples. All variables that influence the formation of the complex Ni-DDTC and then application of VALLME procedure have been optimized. Employing HPLC as detection technique, the detection limit obtained is on the order of μg L -1 . To study the accuracy of the proposed method, certified reference materials have been analysed with good agreement. atomic absorption spectrometry, need samples at milliliter volumes. On the other hand, spectrometric techniques such as inductively coupled plasma-mass spectrometry are expensive and need complicated apparatuses which are not available in most laboratories. HPLC is a simple and relatively cheap technique that is needed for the samples at microliter volumes. It is noted that in microextraction techniques, such as DLLME, analytes are extracted into a few microliters of an extraction solvent, which is compatible with chromatographic methods. In this work, a simple, 
